The main objective of the current research is to investigate the deterioration of groundwater quality due to the over-pumping in the coastal area of the Gaza Strip. One hundred and two (102) rSO  ) and the relationship between sodium and chloride in the coastal area indicate that the aquifer experienced seawater intrusion.
Introduction
The Gaza Strip is a narrow strip of land on the Mediterranean coast. It is approximately 41 kilometers long, and between 6 and 12 kilometers wide, with a total area of 378 square kilometers occupied by 1.4 million inhabitants [1, 2] . The Gaza Strip has a temperate climate, with mild winter and dry hot summer subject to drought and an average rainfall of about 300 mm per year [3] . There are no permanent water bodies in the Gaza Strip, except for large-scale sewage ponds and sewage flowing through Wadi Gaza has become de facto hydraulic features [4] .
Groundwater is one of the earth's most important recourses for human life. The water quality depends on the geological environment. Increased groundwater demand leads to a decline water level and deterioration of water quality [5, 6] . The Gaza Strip entirely depends on groundwater for domestic, industrial and agricultural purposes, therefore, the groundwater is pumped from more than 4000 and 44 agricultural and domestic wells, respectively pumping around 155 million cubic meters (Mm 3 ) a year [7] . While the current natural recharge is estimated to be 120 Mm 3 candidate to decrease due to the expansion of urban areas and increase of surface run-off [8] [9] [10] .
Groundwater is increasingly being subjected to over--exploitation for agricultural, municipal and industrial uses increases the possibility of quality deterioration. The concentration of chemical elements in groundwater plays an important role in the classification and assessment of water quality. More than 90% of Gaza Strip residents use desalinated brackish water for their domestic use [11] . When the water resources are lacking, coastal aquifers become a very important source of water [12, 13] . Additional problems such as the discharge of untreated or inadequately treated wastewater, improper chlorination process, agricultural runoff from farms and discharge of untreated sewage can all lead to the deterioration and contamination of groundwater in coastal aquifer and as a consequence health hazard [14, 15] . Hydro-chemical study reveals the quality of water that would be suitable for irrigation, drinking and industrial purposes. Chemical classification also highlights the concentration of various predominant cations, anions and their interrelationships. The aim of the study is to determine the deterioration limits such as sea water intrusion if the over-exploitation continues in the future from the coastal aquifer.
Methodology
Groundwater Each sampling site is characterized by a large number of chemical and physical variables, making the hydro geochemical study a multivariate problem. The multivariate statistical analysis is a quantitative and independent approach of groundwater classification allows to group of groundwater samples and the making of correlations between chemical parameters and groundwater samples. In this study correlation analyses and factor analyses were applied using Statistical Package of Social Studies (SPSS) version 14, used server software 9 to create contour lines of the concentrations of chemical elements in drinking water.
Piper Diagrams are one of the most useful ways of representing and comparing water quality. In the Piper Diagram cations, expressed as percentages of total cations in mill equivalents per liter, plots as a single point on the left triangle as shown in Figure 1 .
The Durov Diagram is an alternative to the Piper Diagram; it plots the major ions as percentages of mill equivalents. The total both the cations and anions are set to 100% and the data points in the two triangles are projected onto a square grid which lies perpendicular to the third axis in each triangle.
Ionic strength is a characteristic of an electrolyte solution (a liquid with positive and negatively charged ions 
Results
The summary of the analytical results of groundwater in the study area is presented in Table 1 , which shows the average maximum, minimum and standard deviation values for different geographical governorate. The data represented geographically, as the Gaza Strip is divided into five governorates (the north, Gaza, the middle area, Khanyouis and Rafah).
During the years 2009 -2010, the water salinity of the domestic wells varied between 235 mg/L in the North and 6206 mg/L in Gaza governorate. The highest degree of salinity was shown in the northern Gaza and Khan Younis. The mean nitrate concentration is high at 199 mg/L and is attributed due to intensified agriculture activities and excess use of fertilizer. About 86% of the examined samples exceed the maximum permissible concentration of 50 mg/l set by the World Health Organization (WHO). Concentrations of sodium (Na Table  1) . It is noted from the distribution of calcium in the governorates that the calcium concentration increases in the north of Gaza and the middle governorate. Magnesium (Mg 2+ ) concentrations fluctuate between 12 mg/L in Rafah governorate and 287 mg/L in Gaza governorate and are always associated with magnesium and calcium to form the water hardness. Potassium (K) concentrations are relatively low compared to the concentrations of other cations, with values varying between 0.78 mg/L in North governorate and 30 mg/L in Gaza governorate.
Revelle Index
Groundwater from the coastal aquifer has values of Figure 2 . The Piper classification of drinking water in the Gaza strip shows that 97% of the samples have sodium and chloride as the most dominant in all studied samples from the Gaza Strip municipal wells, see Table 2 . By using Spatial analysis (ANOVA) for chemical parameters of the coastal aquifer in the Gaza strip, there are differences between the spatial regions, and these differences are statistically significant when p = 0.05, as shown in Table 3 .
Correlation Matrix
The correlation matrix allows us to distinguish several relevant hydrochemical relationships. The contents of chloride, sodium, magnesium and sulphate are positively correlated to salinity with correlation coefficients of 0.982, 0.917, 0.683 and 0.904, respectively. These values indicate the interdependence of the total dissolved salt and major ion in drinking wells in Gaza strip as show in Table 4 . Indeed, a strong positive correlation was found between Na + and Cl -, Ca 2+ and Mg 2+ and it can also be deduced that for most of the groundwater samples these parameters originate from a common source. Magnesium and chloride are not highly interrelated among themselves (r = 0.640). This interrelationship indicates that the hardness of the water is temporary in nature.
Discussion
Seawater intrusion is influenced by numerous features of the aquifer, which may include the lithology, groundwater flow paths and anthropogenic activity (pumping). In addition, saline intrusion on fresh groundwater systems, produces a distinct geochemical signature. The mixing of different water types can induce reactions which lead to a water composition that is different from a conservative mixture [17] . Sodium and chloride are the dominant ions in seawater, however, ion exchange occurs when this saline water comes into contact with a fresh groundwater system where the clays are dominated by Calcium. When seawater intrudes into a coastal fresh groundwater aquifer, the following exchange reaction takes place
where X indicates the soil/sediment exchanger [17] .
Seawater-Freshwater Interaction
It was found that the correlations between Cl and/with the major components of seawater (Na and 2 4 SO  ) were strong (Cl-Na, r = 0.931; Cl-SO 4 , r = 0.894); indication of seawater influence on the groundwater salinity and the complexity of the hydro-chemical components of groundwater.
The fact that the salinization of the groundwater in the Gaza strip was due to seawater intrusion based on the presence of Cl -and the strong correlations between those parameters. The effect of salinization of the groundwater was classified using the Cl/ 3 ratios, which includes groundwater having < 0.5 Cl/ 3 ratios for unaffected, 0.5 -6.6 for slightly and moderately affected and groundwater having Cl/HCO 3 ratios > 6.6 for strongly affected. as show in Figure 3 [16] . The Mg 2+ /Ca 2+ ratio (in meq/L) increases with the proportion of seawater in the mixture, since the ratio of seawater is close to 5, whilst in freshwater it tends to be less than 1 (Figure 4) indicating also seawater intrusion. Values of Ca 2+ /Mg 2+ and Ca 2+ /Na + are much more than those of seawater, which may be due to enrichment of Ca by dissolution of carbonate minerals in the aquifer matrix and/or depletion of Na caused by cation exchange during mixing with saltwater Figure 5 .
Researchers who consider groundwater modeling to study the status of the ground water beneath the Gaza strip could reach to the conclusion of sea water intrusion [12, 18, 19] . In the current research new chemical parameter also lead to the same conclusion.
Water Type
The water is of various hydrochemical types as illustrated by the Durov diagram in Figure 6 : some sample of drinking water located in box 1, SO 4 dominates, or anion discriminate and Ca dominant, Ca and SO 4 dominant, frequently indicates a recharge water in gypsiferous deposits, otherwise a mixed water or water exhibiting simple dissolution may be indicated. In box 2, No dominant anion or cation, indicates water exhibiting simple dissolution or mixing. Box 3, Cl dominant anion and Na dominant cation, indicate that the ground water be related to reverse ion exchange of Na-Cl waters. Box 4, Cl and Na dominant frequently indicate end-point waters.
Qannam [20] . Ca-Mg-HCO 3 (freshwater of recent infiltration), Na-HCO 3 (this type indicates ion-exchange phenomena and characterizes a transition zone). This quality of water is found in domestic wells in the northern Gaza, where the soil is sandy and the area is ideal for recharging aquifer and rainfall in this region are estimated at 400 mm per year and Na-Cl (typical brackish water in which the ions Na + and Cl -predominate). The quality of water in the Middle governorate, Khan Younis and Rafah is salty and this is due to the direction of water in the aquifer from the east to the west and overlap sea water into coastal aquifer [21] . This reason behind the salinization of water due to the over pumping of groundwater in coastal aquifers reduces the groundwater level and induces seawater intrusion. Sheikh Radwan group of wells in the area of Gaza city is most vulnerable to seawater intrusion and that the large number of pumping rates, where the rate of pumping from Sheikh Radwan wells is account for 18 million cubic meters per year [22] . Figure 7 describes the hydrochemical facies of drinking water in Gaza Strip.
Correlation Matrix
The correlation between Na + and Cl -however shows around 0.931 which is interpreted as a result of seawater intrusion. The Na-Cl correlation shows the influences of seawater and groundwater mixing. Ca 2+ often occur when seawater intrudes fresh groundwater. The characteristic cation-exchange process that takes place when seawater intrudes a coastal fresh water aquifer.
There [17] . Precipitation takes place during the cation exchange process which is the later effect from the seawater intrusion into the aquifer. The lower concentration of Ca 2+ compared to Na + , is a result from the cation exchange process that occurs naturally when seawater intrudes into the aquifer system.
The positive and significance correlation of K + with both Cl and 2 4 SO  which is generally very high in the sea may be interpreted on the light of seawater intrusion as well.
Conclusions
Chloride, sodium and calcium concentrations are the main contributors to the salinity of the groundwater beneath the study area. Seawater intrusion is indicated through the analysis of the spatial changes of ionic ratios of rCa 2+ /( correlation matrix between the chemical elements of drinking water and compared with sea water, it is found that there is a strong correlation between chloride, calcium, magnesium, sodium, and this was due to seawater intrusion. However, a deeper understanding of the hydrogeology and hydro-geochemistry is required to properly assess the origin, nature and mobility of solutes within this aquifer system.
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